The purpose of the study was to establish the structure of monitored animal farms and determine reproductive parameters of Sahelian goats in the Guera Region, in Central Chad. Data were collected through longitudinal survey in 27 observatory farms during three years using goats identified by numbered ear tags. The herds were composed on average of about 71% of females. The age pyramid covering all years showed a significant number of males aged between 0 -1 year and perceptible fall thereafter. However, some stability was observed in the class of the 2 -8 years old among females. The frequencies of accumulated kiddings showed that 44% of births occurred in the rainy season against 28% respectively in the cool dry and hot dry seasons. Obtained reproduction parameters were: a sex ratio of 0.51 in favor of males, a kidding interval of 10.6 months with significant differences (P < 0.05) according to the rank of birth, an age at first kidding of 16.5 months for females born in monitoring and an age of 20.3 months for all first-kidding, giving an apparent fertility rate of 145%, a fecundity rate of 116% and an abortion rate of 2%. The composition and structure of herds have highlighted the importance of females to ensure the reproducibility of goat production systems. The determined reproduction parameters are references for actions to improve goat rearing in this area.
Introduction
The severe droughts recorded during the past three decades (1970, 1980 and 1990) have compelled to put back on the agenda the rearing of goats in the Sahel. The capacity for the adaptation and selection of fodder resources of these animals in harsh environments contribute to identify them as choice livestock for this area [1] - [3] . Small ruminants such as goats provide breeders a substantial income from the sale of live animals and milk. In addition to income, the consumption of milk and meat improves the food diet of the pastoralists, because they are a significant protein source. These facts are shared by different authors [4] - [7] who note that the sustainable development of goat production is a means to improve the quality of life in developing countries, among the needed production parameters to know those of reproduction rank prominently in order to lead any intervention.
Chad had 9 .9 million s mall r uminants in 2 011, including a bout 3 .1 million sheep a nd 6 .8 million goats [8] . The practice of conducting these animals is in pastoralism, nomadic or sedentary modes. These rearing methods are the effect of the existence of three major geo-climatic zones (namely the Saharan, the Sahelian and the Sudanian zo nes). There are two breeds of goats in Chad, of which the Sahel goat or Sahelian goat and t he Djallonké-type Sudanian goat, sometimes called Kirdi goat or Kirdimi [1] [9]- [11] . The separation zone between the two r aces is the 1 2th p arallel north latitude. T he northern zo ne is the ar ea p ar excellence o f the Sahelian goat breed. Studies to determine the production parameters of goats were most often carried out in a timely manner in Chad [1] .
The purpose of this work was to show the e volution of the size, composition and structure of herds and the reproductive parameters during the three years (2010-2012) of tracking goats in the region of Guera, in the middle belt of Chad.
Materials and Methods

Study Site
The study was conducted in goat farms in the Districts of Bitkine, Mongo and Mangalmé in Guera. The locations by GPS (Global Positioning System) coordinates are 11˚56'18'' North Latitude and 18˚16'11'' East Longitude for Bitkine, 12˚09'30'' North latitude and 18˚40'30'' East longitude for Mongo and 12˚21'04'' and 19˚36'01'' for Mangalmé. The study site is a transit area for many pastoralists moving towards the southeast (plains of Salamat) and the south. Being a rocky land by nature, it also hosts some pastoralists moving for new pastures for a longer or shorter period. This situation can lead to competition for scarce fodder resources along the paths followed in the area during the dry season.
Sampling and Data Collection Methods
A network of observatory farms comprising 27 herds spread over the three above mentioned Districts was established. Only volunteer farmers to collaborate in monitoring activities and settled in villages along the main permanent roads (for accessibility) were selected. The animals were identified individually using numbered ear tags. The ag e o f t he an imals has b een i dentified o n t he b asis of t ooth wear co upled with t he b reeder's d eclaration. Monitoring was introduced in the last quarter of 2009. This period was devoted to the training of investigators in collecting and entering data, which were not taken into account later on. Only data collected from January 2010 to the end of December 2012 were considered. The frequency of morning visits was twice a month for kids aged between 0 -2 months, and once a m onth thereafter. The breeders assist the investigators in gathering information. In order to keep them until the end of the visit, some treatment limited to the strict minimum is administered to sick animals at the end of the visit.
Data Analysis
The f ile o f r ecorded k iddings d uring monitoring was ex tracted f rom t he co mmon d ata b ase and e xported t o SPSS for processing [12] . First, a f lat and cross sorting is made. Calculated reproductive parameters were seasonal frequencies of kidding, sex ratio, kidding interval, fertility (precocity and fertility rates), fecundity, prolificacy and abortion rates. Kiddings were grouped by season and year to highlight the changes. Depending on the site location, the seasons were grouped as follows: the cool dry season (CDS) lasting four months (November, December, January and February); the hot dry season (HDS) from March to June and the rainy season (RS) from July to October. Subsequently, a v ariance analysis was performed to highlight the significant differences in the average level of 5%. Calculated reproductive parameters were: o The sex ratio defined as the ratio of males and females at kidding on total registered births; o The interval between kiddings is the time interval (in days or months) between two kidding events; o Age at first kidding (in days or months) which is also referred to as earliness; o The prolificacy rate or brood size is the number of offspring born (alive or dead) at the end of gestation; o The fertility rate defined as the ratio between the number of kiddings during the period on the number of reproductive animals in herds; o The abortion rate, which is the ratio between the numbers of recorded abortions in the farms on the number of kiddings during the period under consideration. The variation in herd sizes shows an increase in the number of animals under monitoring, linked to some new breeders identified in 2010 but also to the inputs by the kiddings, the purchases and by a fall in mortality of kids more sensitive to diseases. The support provided to breeders through some care for sick animals had positive effects by helping to increase the number of goat farms being monitored.
Results and Discussion
Changes in Herd Sizes
An examination o f the herd structure s hows a d rastic d rop in males after three years. T his d ecrease is attributable to their more intense trading (sales and consumption) than females. Every male present in flocks beyond 2 years is either in reproductive activity or an animal considered as savings any time. The observed accumulation of females in flocks in the 2 -8 years range demonstrated the reproducibility of the rearing system provided primarily by breeding females. Sustainability of breeding depends more on these females. The considerable drop of the females after 9 years shows that the reforms are started. These results are comparable to the observations obtained in the Sahelian zone of Chad [13] .
Reproductive Performances
Kidding Frequencies
According to the years, the variations of the relative frequencies of 1,301 cumulated kiddings were 31% in 2010, 40% in 2011 and 29% in 2012.
In 2010, t wo peaks o f kidding were recorded: the first one corresponding to t he births o ccurring i n t he dr y season happened in March (13.3%) and May (13.6%). The second peak occurs in the rainy post-rainy season. It was concentrated in four months (August, September, October and November) with frequencies far above 10%. The maximum of 14.2% was noted in November.
In 2011, two peaks were also observed with one in a dry season only in May (11.3%) greater than 10% and the second in September (16%) and October (22.7%), which has been the ever unequaled maximum during three years of follow-up.
In 2012, the level of kidding was low d uring t he dry season. O nly i n J anuary was reached the level o f 8%. However during the rainy and post rainy seasons, kidding frequencies were consistent around 13% over four months (September, October, November and December).
Overall during the three years of effective monitoring, the cool dry season and the hot dry recorded 28% of kidding each and the rainy season 44%, which was significantly higher (p < 0.05). The breakdown per year and season ha s confirmed t he i mportance o f ki ddings o ccurring during the r ainy season ( Figure 4) . T he kidding rates in cold dry season were not significant over the three years. On the other hand in season dry hot, the births The level of kidding is linked either to the supply of fodder resources along the pathways or to the complementation provided to female at the end of the dry season [14] - [16] . The peak in March and May correspond to the moment when females are in heat during the harvest period occurring in October, November and December. In Orissa (Indian), the majority of goats comes into heat during Mars, April, May and June which resulted in 46% of goats giving birth during September to November [17] . Others authors observed that 48.95% of the births were recorded between October and February [16] .
Reproductive Parameters
The sex ratio at parturition of 0.51 for males and 0.49 for females of our study was approximately the same as those recorded during four years of follow-up among the Sahelian goats in Dourbali and Massakory areas (0.50) in C had [18] . These s ex r atios r esulting from l ongitudinal s tudies have d emonstrated cer tain p arity b etween males and females at kidding. However, the results of random surveys show a sex ratio at parturition in favor of females (0.53) [1] .
The mean of kidding interval (KI) was 318 ± 12 days representing about 10.6 months. Significant differences (P < 0.05) according to the kidding rank (KR) were observed ( Table 1 ). In addition, observations have shown that the KI decreases in the opposite direction of the KR increase. Otherwise, more the goats have a high KR, more the KI is reduced.
The kidding interval obtained (318 days or 10.6 months) was higher than observations made in station (261 days) [19] and on the outskirts of N'Djamena (272 days) [20] . However, it was comparable to the results of Massakory (10.9 months) and Dourbali (10.7 months) [18] . These results highlight the impact of diet in improving reproductive parameters. Indeed, on site the feed of goats is better, whereas in suburban areas, the sale of goat milk to urban collectors which is a common practice requires the farmers' special attention to feeding goats [21] . In the Guera Region as well as in Massakory and Dourbali, animals only feed on natural pastures, resulting in higher KIs than those on the station and in the suburban area. The decrease of kidding interval contrary to the increase of kidding rank indicates an increase in fertility of goats with age. Females which have a big gap b etween two kidding intervals or late ages at first kidding, may have aborted during that period. This helps to explain the heterogeneity of the results obtained.
The average age at first kidding was 495 ± 15.2 days or 16.5 months among 107 females born during the monitoring. With a gestation period of 05 months, these females had their first fertilizing projection (first pregnancy) at about 11 months. For all females having gi ven birth for the first time, the average age was 608 days or 20.3 months. T his i nvolves f irst fertilizing mating o ccurring a t a bout 1 5 months. D ifferent p recociousness b etween goats born during monitoring and all first kidding events might be explained by the accuracy of the dates of birth. Among the formers, dates of birth are well known. In contrast with the latter, the double age estimation through using the memory of the animal breeder and an examination of tooth wear leads to inaccurate age of the animals. The survey of the career of Sahelian goats carried out using this method has determined an age at first pregnancy of 14.5 months or 19.5 for age at first kidding [1] , close to our results (20.3 ± 10 months). It was the same age at first kidding established for all females in goat breeding monitored at Dourbali being 19.6 ± 10.3 months, representing a first pregnancy at 14 months [18] .
As for the rate of apparent fertility, it was 145% (1.45), that of fertility 165% (1.65), of prolificacy 116% or 1.16 produced in average of and that of abortion 2%. The fertility rate observed in the Guera Region was higher than the values obtained by cross-sectional survey on the Chad Sahelian goats [1] , including those in the Batha (109%) and Assalé (104%) regions. I t i s e quivalent to the r ate o bserved b y t he same a uthor i n r elation t o t he Djallonké type Kirdimi goats, in the Sudanian part of the country. However, it is less than the 171% value observed on station among Sahelian goats in Massakory [19] . As for the rate of prolificacy obtained in the Guera Region, i t was higher t han the d ata r eported in B atha ( 108%) and Assalé (112%) for Sahelian goats i n others areas o f C had [1] . It s hould be noted that f ertility a nd p rolificacy, a lthough r elated to s pecies a nd b reeds, a re well under the influence of animal husbandry conditions including feeding. It is the same for other reproduction parameters, which will be higher or lower depending on whether the animals live in areas where food resources are abundant or not.
Conclusion
The study established for the first time through longitudinal survey of the structure of goat herds and determined reproductive parameters of goats in the Guera Region, in the Sahelian strip of Chad. The herd composition and structure ha ve hi ghlighted the i mportance of females to ensure the reproducibility o f goats rearing i n the area. Kidding spread throughout the year and this indicates that the Sahel goats are not seasonal, which is an advantage in the development of production of these animals. However, a significant number of kidding in the rainy season, a period when feeding conditions are better on rangelands is observed. The determined reproduction parameters are references which enable developing strategies for the valorization and improvement of goat farming in this area. Reproduction control based on knowledge of such performances is a prerequisite for the numerical growth of the herds. In addition, further studies on non-genetic factors such as husbandry practices and major diseases control would help to better understand the production of goats in the Guera Region.
